developing conceptus is known to be a key regulator of luteal rescue by preventing the 57 CL from undergoing luteolysis (Duncan et al., 1998a) .
58
Invasion of macrophages into the CL is a well-known phenomenon of luteal 59 regression in a variety of mammals, and there is convincing evidence that the number of 60 invading macrophages increases as luteolysis proceeds (Hume et al., 1984;  61 Bagavandoss et al., 1988; Lei et al., 1991; Brännström et al., 1994; Best et al., 1996; 62 Takaya et al., 1997; Penny et al., 1999; Komatsu et al., 2003) . Infiltrating macrophages 63 into the regressing CL is likely to be involved in phagocytosis of dying luteal cells and 64 their remnants, and in the production of luteolytic cytokines such as tumor necrosis 65 factor  (TNF), oxygen radicals, or substances that inhibit steroidogenesis (Pate and 66 Keyes, 2001; Shirasuna et al., 2012) . In most tissues, macrophages are recruited as 67 monocytes from the systemic circulation and subsequently undergo a process of shown in the regressing CL of rats (Townson et al., 1996) , cows (Penny et al., 1999 74 Townson et al., 2002 , pigs (Hosang et al., 1994) , rabbits (Krusche et al., 2002) , and 75 women (Senturk et al., 1999) . CCL2 has been reported to be produced by a variety of 76 cell types including endothelial cells, fibroblasts, monocytes, and T lymphocytes 77 (Yoshimura and Leonard, 1990) . However, the production and regulation of CCL2 and 78 cell types expressing it in the human CL remains to be elucidated.
79
HCG can bind to its receptor, lutrophin-choriogonadotrophic hormone receptor 
Collection of the human CL

108
Human CLs were collected at the time of surgery from women undergoing 109 hysterectomy for benign conditions. The menstrual stages of the CLs were determined 110 by endometrial morphology and by the concentration of LH in daily urine samples, 111 obtained prior to surgery as reported previously (Dickinson et al., 2008) . The collected
112
CLs were halved upon collection; one half was snap-frozen and stored at −80°C, and the 113 other half was fixed with 10% formalin and processed into paraffin embedding. Some 114 women were given daily doubling injections of hCG (Profasi ® ; Serono Laboratories,
115
Welwyn Garden City, UK), starting at 125 IU from 7 days after the LH surge for 5-8 116 days until surgery. This regimen has been shown to rescue the CL and mimic the 117 hormonal changes of early pregnancy (Dickinson et al., 2008) . Only frozen tissues of 118 the rescued CL were available from hCG-administrated women. 
122
Oocytes were removed and the remaining fluid was centrifuged at 1,800 rpm for 10 min,
123
and cells were re-suspended in a culture medium (DMEM/Ham's F-12 containing 2 mM 124 L-glutamine, 10 unit/mL penicillin, 0.1 mg/mL streptomycin, 2.5 μg/mL amphotericin B,
125
and 1× concentration of ITS-X). Cell suspension was layered over 45% Percoll in 126 culture medium mixture, and centrifuged at 1,200 rpm for 30 min to pellet blood cells.
127
LGCs, visible in the interface, were collected by a pipette and washed three times with
128
Dulbecco's phosphate buffered saline supplemented by MgCl2 and CaCl2. Quantitative RT-PCR (qRT-PCR) 
144
The CLs used for a quantitative gene expression analysis were classified as early-luteal
145
(1-5 days after the LH surge, n=4), mid-luteal (6-10 days, n=6), late-luteal (11-14 days, 146 n=6), menstrual phase (over 14 days, n=3), and rescued by in vivo hCG injection (n=4).
147
Total RNA was extracted from the frozen human CLs or cultured LGCs using RNeasy 
198
Stained sections were observed under a confocal laser scanning microscope (FV300;
199
Olympus, Tokyo, Japan). 
Results
216
Macrophage increases in number during luteal regression
217
Macrophages infiltrating into the human CL were identified by immunohistochemistry 218 for a human macrophage marker, CD68. In the functional CL at the mid-luteal phase,
219
CD68-positive infiltrating macrophages tended to localize to the border between The chemokine CCL2 increased during luteolysis 232 We next analyzed the localization and expression of a monocyte/macrophage 233 chemokine, C-C motif ligand 2 (CCL2). CCL2 protein was localized to the cytoplasm 234 of both granulosa-lutein and theca-lutein cells (Fig. 1E ) and vascular endothelial cells were also weakly immunoreactive for CCL2 (arrow in Fig. 1E ). In contrast, and the latter, which activates PI3 kinase pathway, is predominantly expressed in LGCs.
266
To reveal the signal transduction cascades responsible to the expression of CCL2 in
267
LGCs, we treated cells with inhibitors for PI3 kinase (LY294002) and PKA (H89) or an the steroidogenic cell layer with many macrophages (asterisk in Fig. 5B ) displayed low 298 levels of PGES immunoreactivity (asterisk in Fig. 5A ).
299
The qRT-PCR analysis demonstrated that CCL2 mRNA expression in the CL LGCs. Up-regulation of CCL2 expression by PGF was previously reported in the CL of 413 sheep and cows (Tsai et al., 1997) . We also showed that a macrophage cytokine, TNF, 
